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CMS Collaboration reports first observation of the
VVV process in 2020
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ATLAS Collaboration reports first observation of the
WWW process in 2021



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-039/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-039/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.151802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.151802

Major milestone in Standard Model physics

Multi-boson, specifically VVV exploration, expected to lead to stringent
tests of the non-Abelian gauge sector of the Standard Model (SM)

Provides access to the SM quartic coupling (only other way is through
the vector boson scattering topology)

At the precipice of launching a full scale VVV program at the LHC
As of now multi-leptonic final states explored (= 2 leptons)

Simplistic projections for HL-LHC conditions lead to prediction of
observing WZZ and ZZZ processes with 5 ¢ significance

Effective Field Theory exploration in the VVV final state is topical —
allows for BSM exploration in the newly observed final states



The Effective Field Theory Framework

L= Lsv+ ) ;10 —I-Z] 50

VVV process proceeds through trilinear and quartic coupling as well as
the Higgs mediated mode
Both dim-6 and dim-8 exploration possible
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Salient features associated with VvV

Study of the Higgs sector possible
Best way to include Higgs mediated mode?

a\
<
Can we quantify the interference between \s
the Higgs-mediated modes and other modes O
of production?

Critical questions such as (dim6)2 vs. dim8
contributions possible to address

Pertinent in the context of global EFT fits

A\
Explore sensitive variables: proxy for § and S
angular variables (A®)

Absence of “golden” variables as in the
case of vector boson scattering topologies



Technical interlude:
how to include the Higgs mode?

Using MG5 2.6.7 primarily for studies
For polarization studies using MG5 2.9.1.2

Can we extend the Breit-Wigner cutoff (BWCutoff)
to generate off-shell W’s from the Higgs

Posed question to Olivier Mattelaer: https://
answers.launchpad.net/mg5amcnlo/+question/
696189

Answer is no! Madgraph assumes narrow
width approximation within the BWCutOff range

The recommended range of 15[ carefully
chosen to optimize the phase-space integrator

Recommendation:
generate p p > w w w $h (sans Higgs)

generatepp >wh

generate p p > W+ W+ w-, w- > e- ve~, W+ > mu+ vim

—— BW cutoff: 20 T’
BW cutoff: 30 T’
—— BW cutoff: 35 T
BW cutoff: 36 T
—— BWcutoff: 37 T
BW cutoff: 38 T =

electron + neutrino invariant mass) [GeV


https://answers.launchpad.net/mg5amcnlo/+question/696189
https://answers.launchpad.net/mg5amcnlo/+question/696189
https://answers.launchpad.net/mg5amcnlo/+question/696189

EFT sensitivity with on-shell bosons
as a starting point

Start with gauge-boson self interaction
operators
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EFT sensitivity with on-shell bosons
as a starting point

Ogw = W' W PW ik
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EFT sensitivity with on-shell bosons
as a starting point

Used the same limit setting setup as those used here: https://arxiv.org/pdf/2108.03199.pdf
Exploring possible collaboration with the group

L = 137 fb-1 L = 137 fb-1

— Expected » 7| — EXxpected

-0.04 -0.03 -0.02 -0.01 ) 0.02 0.03 0.04
k_cW

Osw = W WEPWar Onw= ¢ ¢W,,, WH

Comparable to sensitivities from VBS processes as explored in the
above m9entioned reference



https://arxiv.org/pdf/2108.03199.pdf

(Dim6)2 vs. Dim8 contributions

Generating BSM for (dim6)z2:
generate p p > w w w $h NP==2 NPcW~"2==4

Many thanks to llaria Brivio for

Generating BSM for dim8: guidance!

generate p p >ww w $h TOA2==2
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(Dim6)2 vs. Dim8 contributions: Pure BSM

generatepp>www
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It is imperative that the representative
values are chosen for the Wilson
Coefficients for both dim6 and dim8
operators

The question really is one of
characterizing an excess in terms of

(dim6)2 or dim8 if the shapes of the BSM
parts of the distributions are the same

Extracting pure (dim6)? interference is
difficult because there are two 1/A\4
contributions

Syntax includes double insertions
interference + single insertions
squared or pure BSM



Path forward...

Started assessing sensitivities to various dim6 EFT operators

Beginning to address (dim6)2 vs. dim8 contributions: pertinent in the context of
discussions in the LHC EFT Working Group

Exploring various polarization states of the V in the VVV process

Plan to address how VVV EFT bounds contribute to global fits

Plan on extending current collaboration to include colleagues from Torino and Milano

Could be interesting to compare with EFT sensitivities from lepton colliders
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https://indico.cern.ch/category/12671/

